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Dedcrlptlon 

This invention relates generally to a cleaning blade which is particularty. although not exclusively, useful for re- 
moving particles adhering to the photoconductive member of an electrophotographic printing apparatus. 
5 in the process of electrophotographic printing, a photoconductive surface is charged to a substantially uniform 

potential. The photoconductive surface is imagewise exposed to record an electrostatic latent image corresponding to 
the Informational areas of an original document being reproduced. This records an electrostatic latent image on the 
photoconductive surface corresponding to the informational areas contained within the original document. Thereafter, 
a developer material is transported into contact with the electrostatic latent image. Toner particles are attracted from 
10 the carrier granules of the developer material onto the latent image. The resultant toner powder image is then transferred 
from the photoconductive surface to a sheet of support n^terial and permanently affixed thereto. 

This process is well known and useful for light lens copying from an original and printing applications from elec- 
tronicalty generated or stored originals, and in tonography. 

In a reproduction process of the type as described above, it is inevitable that some residual toner will remain on 
. IS the photoconductive surface after the toner image has been transferred to the sheet of support nnaterial (e.g. paper). 
It has been found that with such a process the forces holding some of the toner particles to the imaging surface are 
stronger than the transfer forces and. therefore, some of the particles remain on the surface after transfer of the toner 
image. In addition to the residual toner, other particles, such as paper debris (i.e. Kaolin, fibers, clay), additives and 
plastic, are left behind on the surface after image transfer. (Hereinafter, the term "residual particles' encompasses 
20 residual toner and other residual particles remaining after image transfer.) The residual particles adhere firmly to the 
surface and must be removed prior to the next printing cycle to avoid its interfering with recording a new latent image 
thereon. 

Various methods and apparatus may be used for removing residual particles from the photoconductive imaging 
surface. {Hereinbefore, a cleaning brush, a cleaning web and a cleaning blade have been used. Both cleaning brushes 

25 and cleaning webs operate by wiping the surface so as to affect transfer of the residual particles from the imaging 
surface thereon. After prolonged usage, however, both of these types of cleaning devices become contaminated with 
toner and must be replaced. This requires discarding the dirty cleaning devices. In high-speed machines this practice 
has proven not only to be wasteful but also expensive. 

The shortcomings of the brush and web made way for another now prevalent form of cleaning known and discbsed 

30 in the arf as blade cleaning. Blade cleaning involves a blade, normally made of a rubberiike rfiaterial (e.g. polyurethane) 
which is dragged or wiped across the surface to remove the residual particles from the surface. Blade cleaning is a 
highly desirable method, compared to other methods, for removing residual particles due to its simple, inexpensive 
structure. However, there are certain deficiencies in blade cleaning, which are primarily a result of the frictional sealing 
contact that must occur between the blade and the surface. 

35 Dynamic friction is the force that resists relative motion between two bodies In contact with each other. This friction 
between the blade edge and the surface causes wearing away of the blade edge, and damages the blade's contact 
with the surface. For purposes of this applicatbn, volume wear (W) is proportional to the load (F) multiplied by the 
distance (D) traveled. Thus, W ec FD «« FVT, or introducing a factor of proportionality K. W = KFVT where K is the wear 
factor, V is the velocity and T is the elapsed time. Hence, wear increases with larger values of K. Various blade lubricating 

40 materials or toner lubricant additives have been proposed to reduce f rtotion whtoh wouki thereby reduce wear. However, 
lubricants tend to change the operational characteristrcs of the printing machine undesirably. For example, a poly- 
urethane blade with a good lubricant in the toner can Ideally achieve a frictional coefficient of about 0.5. However, this 
rarely occurs because of the delicate balance involved in achieving the proper weight percent of lubricant in the toner 
Normal frictbnal coefficient values for cleaning blades that remove toner off the imaging surface range from a low of 

45 about 0.5 to a high of about 1 .5. 

In addition to the problem of wear, which is more or less predk;table over time, blades are also subject to unpre- 
dictable failures. The impact from carrier beads remaining on the charge retentive surface subsequent to devetopment 
may damage the blade, and sudden k)caiiz6d increases in friction between the blade and surface may cause the 
phenomenon of tucking, where the blade cleanhg edge becomes tucked underneath the blade, losing the frkstional 

so sealing relationship required for blade cleaning. Additionally, slight damage to the contacting edge of the blade appears 
to eventually initiate tearing sites. These problems require removal and replacement of the blade. 

Investigatbn into the characteristic of cleaning blade performance has shown that lateral confonmance of the blade, 
i.e., conformance of the blade across the imaging surface, is generally given by 



e is blade conformance in microns; 
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E is the Young's modulus for a given elastomer. 

A high value for lateral conformance is very desirable, and accordingly, for a given blade, Young's modulus should 
be small. 

5 it has also been detemiined that for the blade to optimally respond to roughness in the imaging surface, particularly 

at high speeds, the resonant frequency of the blade must be as high as possible. Resonant frequency of a blade Is 
given by 

<Do«VE 

10 where 

<D^ is the resonant frequency of the blade. 

A high resonant frequency for optimal frequency response is very desirable, and accordingly, for a given blade, 
IS Young's modulus for the selected elastomer should be large. 

It can be seen that the use of isotropic materials, such as the urethane cleaning blades cun-ently used in electro- 
photographic cleaning processes, requires a trade off in the selection of materials having a Young's modulus that 
satisfactorily meets both the lateral conformability requirement, and the resonant frequency requirements. 

The commonly used elastomer-type cleaning blade is a resilient material that allows stubborn residual particles 
20 to remain on the surface. Th is occurs because the resilient elastomeric material is unable to provide sufficient contact 
to create a tight seal between the cleaning blade and the surface when tuck occurs, therefore the resiliency of the 
elastomeric blade makes it easy for the blade to glide over the residual particles. 

Various cleaning techniques have hereinbefore been used as illustrated by the folbwing di8ck>sures, which may 
be relevant to certain aspects of the present invention: 
2S US-A-4,984,326 to Horie et al. describes a cleaning blade for an electrophotographic apparatus in which a par- 

ticulate non-conductive inorganic filler is dispersed in a thermoplastk: fluorocarbon polymer. 

'impregnated Poromeric Material Cleaning Blade," Xerox Disclosure Journal, et al., Vbl. 1, No. 4. April 1976, p. 
79 describes a cleaning blade condition of non-woven polyester fibers bound together in polyurethane, for the im- 
provement of abrasion resistance, hardness, resilience, and load bearing capacity. 
30 "Nyton Fiber Reinforcement for Polyurethane Composites.' Polymer Composites. Cordova et al., Vbl. 8. No. 4, 

August 1987. pp. .253-255, suggests polyurethane thermoset material with a nybn fiber filler for improved impact 
strength, impact fatigue and decreased stress cracking. 

US-A-2,767.529 to Scolt describes a doctor blade for paper making machines made of metal or layers of fabric 
bonded together by synthetic resin. 
3S US-A-3,635,556 to Levy suggests a backing pad made of a carbon filled plastic foam material. 

US-A-3,91 5,735 to Moreland describes a monomerk; silane sprayed or poured onto microcrystalllne novaculite 
while it is being agitated in a high intensity mixing apparatus at a temperature between 21*C and 177'C. and the 
monomeric silane and microcrystalline novaculite are altowed to remain in situ at a temperature between about 2rc 
and 177°C for at least about 1 minute. 
^ US-A-4,549.933 to Judd et al. describes a composite doctor blade with nonhomogeneous stiffness properties and 
having a plurality of juxtaposed fibrous layers which are encapsulated in an epoxy resin. The composite blade has a 
- -fibrous ccrerintermediate uni-directlonal graphite layers and outer fibrous layers. The uni<jirectionai graphite fibers in 
the mtermediate layers are oriented in the machine direction. 

US-A-4,623.161 to Yamada et al. describes a cleaning blade design which has a double-layer structure comprising 
4S a contact member first layer made of a poly (urethane) ureamide polymer, held in contact with a toner image bearing 
member surface, and a supporting member second layer adhered to the contact member first layer to provide improved 
blade function. The support member for the contact member has the same hardness or essentially the same hardness 
as the contact member and is lower than the contact member in glass transition temperature. 

US-A-4.825.249 to Oki et al. describes a cleaning blade for a photoelectronk: copy machine comprising a substrate 
so of urethane rubber and a coating of perflouropolyether. 

US-A-4,976,999 to Frankel et al. decsribes a cleaning blade whk:h incorporates fiber fillers oriented in a single 
directioh in an elastomerk; matrix. 

It is an objective of the present inventfon to provide a cleaning blade member which exhibits improved blade tip 
tear resistance. 

ss One approach to increase cleaning blade life is to improve the blade wear rate. The physical and geometrk:al 

changes observed in a blade due to wear is believed to be one of the key elements that causes the blade to lose its 
cleaning efficiency Since this poor sewice wear life can lead to frequent blade replacements, it is therefore, very costly 
and taxes our customer sen^ice system as well. It is an object of this invention to improve the wear life and durability 



3 



EP 0 511 648 61 



thus reducing blade replacements. 

While ft might appear that a rigid metal blade might solve the problems of rigidity and wear, in fact, the f rictional 
contact required between the surface and blade quickly wears away the blade and any surface lubricants applied 
thereto. As the blade edge wears, it changes from a chiseling edge to a rounded or flattened surface which requires 
5 a high force to maintain the edge in sealing contact. White a beveled edge is useful in liquid toner applications, It is 
highly susceptible to damage and wear in dry toner applications. Accordingly, it is desirable to maintain the blade's 
square edge without wear. Additbnally, wearing friction may generate toner fusing temperatures, causing toner to fuse 
to the blade, or the surface. Furthennnore, filming on the surface can deteriorate image quality Filming occurs either 
uniformly or as streaking, due to deftciencies in blade cleaning, requiring the use of a lubricant and a t^alancing abrasion 
10 element to prevent filming. It is an object of the present invention to reduce the frtetional contact between a cleaning 
blade and an Imaging surface. 

Further objectives of the present invention include: providing a cleaning blade member with improved resistance 
to fatigue cracking; and providing a cleaning blade member having substantial mechanical stability and extended serv- 
ice life. 

IS In accordance with the present invention, there is provided a cleaning blade as defined by the accompanying claims. 

Other features of the present invention will become apparent as the folbwing description proceeds and upon 
reference to the drawing, in which: 

Figure i is a cross-sectk>nal view of a cleaning blade showing particle reinforcement. 
20 Figure 2 is a schematic presentation of a filler reinforced polyurethane cross-linked network. . 

Figure 3 is a schematic presentation of a silica particulate and a polyurethane molecule bonding. 

Figure 4 is a schematic of 3-amino propyltrlethoxy silane surface treated silica and polyurethane interactk)n. 

With reference now to the drawings where the showings are for the purpose of illustrating a preferred embodiment 

2S of the invention and not for limiting same. Figure 1 shows a schematic view of an elastomeric cleaning blade with 
particle reinforcement, in accordance vwth the invention which depicts schematically the various components thereof. 
Hereinafter, like reference numerals will be employed throughout to designate identical elements. Although the cleaning 
apparatus of the present inventbn is particularly well adapted for use in an electrophotographic printing machine, it 
should become evident from the following discussion that it is equally well suited for use in a wide variety of devices 

30 and is not necessarily limited to the particular embodiments shown herein. 

As illustrated in Figure 1 , blade 10, for cleaning an imaging surface of an electrophotographic image member 12 
moving in the direction 13, is provbed with upper and tower blade surfacias 14 and 16. having a length L, front face 
18 and a height h. The inorganic particles of the inventk^n 22 are homogeneously dispersed In the blade matrix 23. 
The dispersbn of the inorganic particles 22 strengthen the blade 10. In combination with the lower surface 16. front 

SS face 16 forms cleaning edge 20 whbh is in cleaning contact with the electrophotographic imaging member 12. The 
blade supporting member, which supports the blade in f rational engagement with the imaging member 12 during clean- 
ing process, is not shown in the figure. The blade 10 and the cleaning edge 20 extend across the entire width of imaging 
member 12, and transverse to the direction of the imaging member movement. 

The cleaning blade is prepared from an elastomeric material with its matrix filled with inorgank: particles for rein- 

40 forcement. A variety of filler types may be used either alone or in combination. 

The fillers chosen for the present invention are inorganic fillers. These fillers are selected for suitable dispersion 
in the blade material matrix because they are easily dispersed by conventk^ial solution rnbcing techniques and result 
in no particle agglomeratk)n In the fabricated cleaning blade. An inorganic filler of parttoular Interest Is mbrocrystalllne 
silica, a naturally occurring irregular shape quartz particle. MIcrocrystalline silica also exists In two other forms (christo- 

45 balite and tridymite). The microcrystalline silrca of the present Invention has a Moh Hardness Number of about 7 with 
excellent inherent abrasion resistance. Other particulates of silica derivatives, such as mbron size ground glass and 
micron size synthetic glass spheres are also good inorganic fillers for cleaning blade incorporation. Alternatively, spher- 
ical shape ceramic particles, such as zeeospheres. are good filler candidates for present inventbn applk:ation. 

Referring now to Figure 2, there is shown an elastomeric matrix 23 with particulate filler 22 combined to create a 

so reinforced material. 

Referring now to Figure 3, there is shown the molecular bonding of a polymer to a filler particles, in this case silk:a 
60 and polyurethane interaction, to obtain a reinforced material as shown In Figure 2. A way to inrtprove filler-polymer 
inteiactton Is by use of coupling agents. An example of such interactk)n is one In which the microcrystalline silba 
partteles may be surface treated with a bifunctbnal silane coupling agent 70 as shown in Figure 4. The silane coupling 
ss agents of interest for partk;le surface treatment are: Chloropropyl triethoxy silane, having a molecular fonmula CI(CH2)3- 
Si (0(^5)3; azido silane. having a molecular fonmula: 
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N3S-R-Si(OC2H5)3 
* 0 

O 

3-aminopropyltriethoxy silane. having a molecular formula NH2(CH2)3 -Sh(OC2H5)3; N-(2-aminoethyl)-3-amlnopropyl- 
triethoxy silane. having a oKNecular formula NH2CH2CH2NH(CH2)3-Si'(OC2H5)3; 3-glycidoxypropyltrlethoxy silane, 
10 having a molecular formula 

CH2-CH CH20{CH2)3-Si-(OC2H2)3 

IS and the like. These silanes are employed in hydrolyzed forms because the OH groups of the hydrolyzed silanes readily 
react with the siianol functional groups of the mtcrocrystalline silica surfaces and condense to form siloxane bonds at 
elevated tennperature. The condensation reactbn between the OH and sllanol groups will position the siloxane at the 
surfaces of the silica particles and orient the organofunctional group of the silane outward to interact with the polymer 
molecules of the elastomer. The silaneix>lymer interaction is expected to produce the desired filler reinforcement effect. 

20 The hydrolyzed silane solution which may be utilized to treat the microcrystalline silica may be prepared by hy- 
drotyzing the alkoxy groups of a silane in an excess amount of water to form a dilute aqueous solution having about 
0. 1 weight percent to about 5.0 weight percent siiane. A solution pH between about 9 and 1 3 is preferred. The control 
of the pH of the hydrolyzed silane solution may be achieved by acetic ackj or hydrogen kxiide addition. The silane 
microcrystalline silk^a surface treatment may be effected by washing the silica particles in the dilute hydrolyzed silane 
solutbn for about 1 minute to about 30 minutes. The resulting silica particles are filtered with a filter paper and dried 
at 1 SS^'C in an oven for about 30 minutes to complete the silane surface treatment process. Alternatively, hydrolysis 
of the silane and surface treatment may also be effected directly at the surfaces of the microcrystalline silica particles 
as described, for example, in Example 2 of U.S. Patent No. 3,915.735. 

Other surface treatment coupling agents of value and suitable for present invention application are the organic 

30 titanates. They include: 

(1 .) Organic Titanates 

a. Tetra alkyi titanates which can be represented by the molecular structure Ti(OR)4. Typical alkyi titanates are 
3S tetraisopropyl titanate, having a molecular fomriula Ti (OCgH7)4; tetra-n-butyl titanate having a molecular fonnula 
Ti (OC4H9)4; and tetrakis (2-ethyt hexyl) titanate, having a molecular fomnula 



40 



4S 



Ti(OCH2CHC4H9)4 



b. Titanate chalates which are represented by the general molecular structure 



so 



ss 
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Ti 
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OR 



in which X represents a functional group containing oxygen or nitrogen and Y represents a two - or three-cart>on 
chain. 

20 (2.) Organic Zirconates 

Typical neoaikoxy zirconates are tris(ethylene diamtno) ethyl zirconate having a molecular fonnula ROZr(0-C2H4- 
NH-C^H4NH2)3; and tri8(m-anruno)phenyl zirconate having a molecular fonnula RO-Zr(0CeH4-NH2)3 

2S (3.) Organic Aluminates 

Other micrometer size inorganic fillers having high hardness and exceptional wear resisting properties include, for 
example: 

30 • Fine glass spheres in polyurethane. The glass spheres are amorphous synthetic glass beads. 

• Mica in polyurethane. The Micas are in-egular shape particulates of natural occurrence. They are crystalline par- 
ticles of Potassium, Magnesium, Aluminum. Vanadium, and Calcium silicates. 

• Wollastonite in polyurethane They are crystalline fibers (needle like) of natural occurrence consisting of 50% SIC^, 
40% CaO, and 10% various metal oxides. 

3S • Glass fibers in polyurethane The glass fibers are amorphous synthetk; glass drawn into fibrous fomns. 

• Basalt fibers in polyurethane. Basalt is a natural occurrence igneous rock. Basalt fibers are prepared in the labo- 
ratory by drawing the molten Igneous rock at high temperature (1250°C) into fibers of desired dimensksns. The 
typk^al compositton of Basalt is 55% SiOg. 11% AiPa, 22% Ti02, and a balance of oxides of Fe. Mn. Mg, Ca, Na, 
and P. 

40 

All the inorganic fillers described above, as supplied by the manufacturers, have particle size distribution from 

-' about O.r micrometer to about 10 micrometers. The glass fibers and the Basalt fibers ch6sen"are cyllndrically shaped"^ 

short fibers having an aspect ratk) (length to diameter ratio) of less than 10. 

The particulate materials of the present inventbn are incorporated directly into the prepolymer liquid and can be 

4S present in the cleaning blade polymer matrix in a range between about 0.5 and 25 percent by weight. A loading range 
of from about 1 to about 10 percent by weight is preferred. However, if increasing the cleaning blades rigidity is a 
desired property, a higher filler loading level of up to 35 weight percent is feasible. The inorganic fillers of the invention 
give mechanical property reinforcement to the resulting cleaning blade, as reflected in the increase in wear resistance, 
tear roughness, and fatigue cracking as well as reducing the surface contact friction. 

so To improve wear and frtettonal properties for the elastomerk: material cleaning blade, other micronized inorganic 
particles which have a hardness equal to or exceeding 5 Mohs are also included in this invention. They include: Ground 
glass. Topaz, Corundum, zeosphere, Actinolite. Akermanite, Allanite, Almandine, Alumina, Ambtygonite, Analcite, Ana- 
tase, Andalusite, Andestne. Andradite. Anorthite, Anthophyllite, Arsenopyrite, Augite, Axinite, baddoleyite, Benitoite. 
Bertrandlte, beryl, beryllonite, bixbyite. Boracite. b reunite, bravoite. Brookite, cancrinite, Cassiterite. Celsian, Chloritoid, 

ss Chondrodite, Chrysoberyl, Clinozoisite, Columbite, Cordierite, Cummingtonite, Danburite, Datolite, Diaspore. Drapside, 
Enstatite, Epkiote, Euclasite. Eudialite, Euxenite. Fayalite, Fergussontte, Forsterite. Frankiinite, Gahnite. Gehlenite. 
Geikielite. Glaucophane, Goethite, Grossularite, Hambergite, Hauyne, Hedenbergite, Hetvite, Hematite. Hereynite, 
Homblande, Humite, Hydrogrossularite, timenite, Jadete. Kaliophyllite, Kyanite. Lazulite. Leuolte, Magnetite, Manga- 
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nosite, Marcasite, Marialite. Meionite, Meiitite. Microcline, Mesolite. Microlite, Monticellite. Natrolite, Nephelffie, Nicolite, 
Noseon, Oligoclase, Olivine, Orthoclase, Orthopyroxene. Pectotite, Perlclase, Pekorskite, Petallte, Phenakite. Pie- 
montlte, PIgeonite, Polluclte, Prehnlto. Pseudobrookite, P8ik)melane. Pumpellyite, Pyrite. Pyrochlore, Pyralusite, Py- 
rope, Rammelsbrite. Rhodonite, Rutile. Sannarskite, Sapphirine. ScapoUte, Schaelite. Slllinr^ite, Skutterudite. Sodal- 
5 ite, Sperrylite, Spessartite, Spodumane, Staurolrte. Stibfotantallte, Tantalite, Tapiolite, Thomsonite, Thorianite, Tour- 
maline, Tremolite. Turquois, Ullmannite, Uranimite, Uvarovite, Vesuvianite, Wagnerite, Willemlte, Wbllastonite, Zircon. 
Zirconia, Zoisrte, and synthetic glass sphere. 

Other mineral particulates having lower hardness such as Zincite (4.0 Mohs) and Boehmite (4.0 Mohs) are also 
acceptable for this invention. 

10 Satisfactory matrix materials for the cleaning blade include, liquki prepolymers that can wet the filler, generally 

having a viscosity less than about 60 Kg. nr^ S'^ and having an unfilled Young's modulus value in the range of 7 to 
84 kg. cm'2. and which are thermoset elastomers. Known blade materials include, but are not limited to urethane resins, 
caprolactones. polyesters and polyethers. 

Although the invention has been described with reference to specific preferred embodiments, it is not intended to 

IS be limited thereto. Rather, those skilled in the art will recognize that variatk)ns and modifications may be made therein 
which are within the spirit of the invention and the scope of the claims. 

A number of examples are set forth hereinbelow and are illustrative of different compositions and conditions that 
can be utilized In practicing the invention. All proportions are by weight unless othenwise indicated. It will be apparent, 
however, that the inventkm can be practbed with many types of compositions and can have many different uses in 

20 accordance with the dlscbsure atxwe and as pointed out hereffiafter. 

COMPARATIVE EXAMPLE I 

A control test poiyurethane sample was fabrk^ted by casting the liquid Q-Thane KR-4780 over a 20 nm TitaniuoV 
2S 75 pan Polyethylene terephthalate (PET) supporting substrate, using a 150 ^m gap bird applk^ator. The wet cast film, 
consisting of 35 weight percent poiyurethane dissolved in 65 weight percent toluene, was dried at 1 35^0 for 5 minutes 
in an air circulating oven to yield a cross linked elastomeric coating of about 50 ^ in dry thickness. The reasons that 
this aliphatic poiyurethane was chosen for the present inventk)n concept demonstration are: 

30 (1.) The cured elastomer of this poiyurethane has mechanical properties about equivalent to those of a poly< 

urethane cleaning blade material, 

(2.) Ease of experimental sample preparation for inventbn fillers incorporation, and 

(3.) It is a system catalyticalty cured by the moisture present in the air and the curing process is accelerated at 
elevated temperature. At 1 35*C the material will be completely cured into an elastomer in 3 minutes. 

35 

EXAMPLE II 

Inventbn poiyurethane test samples were fabricated by following the same procedures and using the same material 
as described in COMPARATIVE EXAMPLE I, except that microcrystalline silica was incorporated to yield 3 weight 

40 percent in the resulting cured sample. The disperston of mterocrystalline silica in the poiyurethane solution was carried 
out first by direct addition of the silna to the solution. With the akJ of a high shear blade disperser (Tekrnar Dispax 
Dispersator), the particles were dispersed in the solution inside a water cooled; jacf^ied'^contather'to^p^^^ 
sotutbn from overheating and loosing solvent due to evaporation prior to solution casting. 

The mk:rocrystaliine silica, available from Matvem Minerals Company, is in-egulariy shaped hard quartz particles 

^ of natural occurrence. Having a hardness of 7.0 Mohs, the particles have inherent wear resistant property The micro- 
crystalline silica, as is mined, has a particle size range from about 0.1 micrometer to about 6 micrometers. They are 
classified to give a particle size range between about 0.1 micrometer and 4.9 micrometers with an average particle 
size of about 2.5 micrometers. Alternative forms of the microcrystalline silica whksh can be used for the present inventbn 
sample preparation are christobalite and tridymite. 

so 

EXAMPLE 111 

lnventk>n poiyurethane test sample was fabrteated by foltowing the same procedures and using the materials as 
described in EXAMPLE II, except that the mnrocrystalline silica disperston in the cured sample is 5 weight percent. 

55 

EXAMPLE IV 

Inventnn poiyurethane test sample was fabricated by following the same procedures and using the same materials 
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as descnbed in EXAMPLE 11. except that the microcrystalline silica had been surface treated with a bi-f unctional silane 
coupling agent, NH2(CH2)3-Si-(OC2H5)3 (3-aminopropyI triethoxy silane), prior to addition to the polyurethane solution. 
The surface treated microcrystalline silica dispersion in the resulting cured polyurethane test sanrple is 3 weight percent. 
Although the micro-crystalline silica particles treated with the bl-functionai silane coupling agent are commercially 

5 . available from Malvern Minerals Company, any suitable technique may be utilized to treat the crystalline particles with 
the reactbn product of the hydrolyzed silane. For example, washed crystalline silica can be swirled in a hydrolyzed 
silane solutton for between about 1 minute and about 60 minutes and then the solids allowed to settle out and remain . 
in contact with the hydrolyzed silane for between about 1 minute and about 60 minutes. The supematent liquid may 
then be decanted and the treated crystalline silica filtered with filter paper. The crystalline silica may be dried for between 

10 about 1 minute and about 60 minutes at between about 80° C and about 165** C in a forced air oven. If desired, 
hydrolysis of the silane nnay be effected at the surface of the microcrystalline silica surface as described for example, 
in Example 2 of US Patent No. 3.91 5,735. 

EXAMPLE V 

Invention polyurethane test sample was fabricated by following the same procedures and using the same materials 
as described in EXAMPLE IV, except that the surface treated microcrystalline silica dispersion in the cured sample is. 
5 weight percent. 

20 EXAMPLE VI 

Invention polyurethane test sample was fabricated by following the same procedures and using the same nrmterials 
as described in EXAMPLE II, except that the microcrystaiiine silica is substituted by zeeospheres type X-60, available 
from Zeelan Industries Inc. The zeeospheres are spherical shaped inert ceramic particles. They are hollow spheres 
2S with thick walls and having a hardness of 7 Mohs. The loading level in the cured polyurethane sample is 3 weight 
percent. 

EXAMPLE VII 

30 Invention polyurethane test sample was fabricated by following the same procedures and using the sanne materials 

as described in EXAMPLE VI. except that the zeeospheres content in the cured polyurethane sample Is 5 weight 
percent. 

EXAMPLE VIII 

35 

The inventron elastomeric polyurethane test samples of EXAMPLES 11 through VII were evaluated for coefficient 
of surface contact friction against the charge transport layer of a photoconductive imaging member. The test sample 
of COMPARATIVE EXAMPLE 1 was also evaluated to serve as a control. 

The coefficient of the surface contact friction test was conducted by fastening the photoconductive imaging mem- 

40 ber, with its charge transport layer facing up, to a platform surface. A polyurethane test sample of COMPARATIVE 
EXAMPLE 1 was then secured to the flat surface of the bottom of a horizontally sliding plate weighing 200 grams. The 
sliding plate was dragged in a straight line over che platfcnrn.'against me'horizcNritarcharge transport layer surface of 
the photoconductive imaging member, with the outer surface of the polyurethane facing downwardly. The sliding plate 
was moved by a cable which had one end attached to the plate and the other end threaded around a low friction pulley 

4S and fastened to the Instron Tensile Tester. The pulley was positioned so that the segment of the cable between the 
weight and the pulley was parallel to the surface of the flat horizontal test surface. The cable was pulled vertically 
upward from the pulley by the Instron Tensile Tester. The coefficient of surface contact friction was calculated by dividing 
the load which is required to pull the sliding plate by 200 grams. 

The coefficient of surface contact friction measurement against a fresh charged transport layer surface of a new 

so photoconductive imaging member was repeated again by replacing the polyurethane sample of COMF^RATIVE EX- 
AMPLE 1 with each of the invention polyurethane samples of EXAMPLES II through Vll. The results presented in TABLE 
I below, show that inorganic fillers incorporated in an elastomeric polyurethane can substantially reduce its coefficient 
of surface contact friction against the charge transport layer of the photoconductive imaging member 

55 TABLE I 



EXAMPLE 


Filler Loading 


Coefficient of Friction Static 


Dynamic 


1. Control 


None 


4.6 


1.5 



8 



EP 0 511 848 B1 



TABLE I (continued) 
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EXAMPLE 


Filler Loading 


Coefficient of Friction Static 


Dynamic 


If 


3 % silica 


3.2 


0.9 


III 


5% silica 


2.6 


0.8 


IV 


3% silane treated silica 


3.1 


0.9 


V 


5% silane treated silica 


2.6 


0.8 


VI 


3% zeosphere 


3.0 


0.9 


VII 


5% zeosphere 


2.4 


0.8 



EXAMPLE IX 

The invention elastomeric polyurethane test samples of EXAMPLES II through VII along with the control sample 
,5 of COMPARATIVE EXAMPLE I were tested for wear resisting properties as a result of filler incorporation. 

Wear testing is effected by means of a dynamic mechanical cycling device in which glass tubes are skidded across 
the surface of the polyurethane test sample of each example. More specifically, one end of the test sample is clamped 
to a stationary post and the sample is looped upward over three equally spaced horizontal glass tubes and then down- 
wardly over a stationary guide tube through a generally inverted 'U' shaped path with the free end of the sample 
secured to a weight which provides 1 7.8 Kg. nr ^ width tension on the sample. The face of the test sample bearing the 
polyurethane elastomer is facing downward such that it is allowed to contact the glass tubes. The glass tubes have a 
diameter of 25 mm. Each tube Is secured at each end to an adjacent vertical surface of a pair of disks that are rotatable 
about a shaft connecting the centers of the disks. The glass tubes are parallel to and equidistant from each other and 
equidistant from the shaft connecting the centers of the disks. Although the disks are rotated about the shaft, each 
2s glass tube is rigidly secured to the disk to prevent rotation of the tubes around each individual tube axis. Thus, as the 
disk rotates about the shaft, two glass tubes are maintained at all times in sliding contact with the surface of the 
polyurethane sample. The axis of each glass tube is positraned about 4 cm: from the shaft. The direction of movement 
of the glass tubes abng the polyurethane surface is away from the weighted end of the sample toward the end clamped 
to the stationary post. Since there are three glass tubes in the test device, each complete rotation of the disk is equivalent 
^ to three wear cycles in which the surface of the polyurethane elastomer is in sliding contact with a single stationary 
support tube during testing. The rotation of the spinning disk is adjusted to provMe the equivalent of 287 mm per second 
tangential speed. The extent of the polyurethane wear is measured using a permascope after 90,000 wear cycles of 
testing. The wear results obtained are listed in the following: 



TABLE II 





EXAMPLE 


Filler Loading 


AnrxHJnt of Polyurethane 








Wear (micrometers) 




l» Control 


None 


41 


40 


II 


3 % siltoa 


27 




III 


5% silica 


16 




IV-' 


3% silane treated silica 


26 V 




V 


5% silane treated silica 


15 


45 


VI 


3% zeeosphere 


28 


VII 


5% zeeosphere 


19 



These data indicate that inorganic filler incorporatton in the polyurethane elastomer could produce an outstanding 
wear resistance result. At 5 percent by weight k)ading, the wear improvement was about 3 times over the control 
polyurethane counterpart. 

In recapitulation, it is evident that the cleaning blade of the present invention includes the incorporatk)n of homo- 
geneously dispersed inorganic partteles in the elastomeric matrix of the blade. The reinforcement effect of the filler 
incorporation improves the blade's wear resistance and tear toughness, as well as reducing its contact friction against 
a charge retentive surface of an electrophotographic irnaging member while maintaining good conformance in the 
lateral direction. 

It is, therefore, apparent that there has been provided In accordance with the present Invention, an elastomerk: 
blade with particulate filler that fully satisfies the aims and advantages hereinbefore set forth. While this inventk3n has 
been described in conjunction with a specifk: embodiment thereof, it is evkJent that many alternatives, modifications, 
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and variations will be apparent to those skilled in the art. Acconjingty. it is intended to embrace all such alternatives, 
modifications and variations that fall within the scope of the appended claims. 



s Claims 

1. A cleaning blade in frictional engagement with a surface and being adapted to remove particles therefrom, com- 
prising: 

10 a blade body made from an elastomeric matrix material (23); and 

an inorganic particulate filler material (22) dispersed in the matrix material of said blade body, characterised 
in that 

the matrix material (23) is a thermoset material, that the filler material (22) is a wear-resisting material having 
a hardness of from 4 to 7 Mohs and with its particles having an aspect ratio of less than 10:1, and that the 
IS filler material is dispersed substantially homogeneously throughout said matrix material. 

2. A cleaning blade as recited in claim 1 , wherein said matrix material is chosen from potyurethane, caprolactones, 
polyesters and polyethers. 

^ 3. A cleaning blade as recited In claim 1 or claim 2, wherein said inorganic particulate filler material has a mean 
particle size of about 2.5 micrometers. 

4. A cleaning blade as recited in any one of claims 1 to 3, wherein said inorganic particulate filler is chosen from 
micro-crystalline silica, glass, fine glass spheres, ground glass, Wollastonite, Basalt, Topaz, Corundum, zeosphere. 

2S Actinolite, Alcermanite, Allanite, Almandine. Alumina, Amblygonite. Analcite, Anatase, Andalusite, Andesine, An- 
dradite, Anorthite, Anthophyllite, Arsenopyrite, Augite, Axinite, baddoleyite, Benitoite, Bertrandite, beryl, beryllon- 
ite, bixbyite. Boracite, braunite, bravoite, Brookite, cancrinite, Cassiterite, Ceisian, Chbritoid, Chondrodite, Chrys- 
oberyl, Clinozoislte. Columbite, Cordterite, Cummingtonite. Oanburite, Datolite, Diaspora, Dtopside, Enstatite. Epi- 
dote, Euclaslte, Eudlalite. Euxenite. Fayallte, Fergussonlte, Forsterite, Franklinite, Gahnite, Gehlenlte, Geikiellte, 

30 Glaucophane, Goethite, Grossularite. Hambergite. Hauyne, Hedenbergite, Helvite, Hematite, Hereynite, Hom- 

blande. Humite, Hydrogrossutarite, llmenite, Jadete. Kaliophyllite, Kyanite, Lazulite, Leuoite, Magnetite, Manga- 
nosite, Marcasite, Marialite, Mebnite, Melilite, Microcline. Mesollte. Microlite, Monticellite. Natrolite, Nepheline, 
Nicolite, Noseon, Oligoclase. Olivine, Orthoclase, Orthopyroxene, Pectolite, Periclase, Pekorskite. Petalite, Pheri- 
akite, Piemontite, Pigeonite, Pollucite, Prehnite, Pseudobrookite, Psilomolane, Pumpellyite, Pyrite, Pyrochlore, 

35 Pyralusite, Pyrope, Rammelsbrite, Rhodonite, Rutile, Samarskite. Sapphirine, Scapolite, Schaelite. Sillimanite, 

Skutterudite, Sodalite, Sperrylite, Spessartite, Spodumane. Staurolite, Stibiotantalite, Tantalite, Tapioltte, Thom- 
sonite, Thorianite, Tourmaline, Tremolite, Turquois, Ullmannite, Uranimite, Uvarovite, Vesuvianite. Wagnerite. Wil- 
lemite. Wollastonite, Zircon, Zircon la, Zolslte, barium carbonate, clay, ZInclte, Boehmite, Gibbsite, Anhydrite and 
Gypsum. 

40 

5. A cleaning blade as recited in any one of claims 1 to 3, wherein said Irrarganic particulate fillers are of Wbllastonite, 
glass or Basalt having a generally cylindrical shape of from about 1 to about 3 micrometers in meaif diameterand'^ ' 
from about 3 to about 10 micrometers in length. 

45 6. A cleaning blade as recited in any one of claims 1 to 5, wherein said inorganic particles are surface treated with 
a coupling agent to cause the particles to interact with the molecules of the elastomeric matrix material. 

7. A cleaning blade as recited in claim 6, wherein said coupling agent includes a silane, titanate, zirconate or alumi* 
nate. 

so 

Patentansprfiche 

1. Reinigungsklinge im ReibschluB mit einer Oberflache, welche daran angepaOt 1st, Teilchen davon zu entfemen. 

55 umfassend: 

einen aus einem elastomeren Matrixmaterial (23) hergestellten Klingenkorper und 
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ein anorganisches teitohenformiges FQilmaterial (22), das in dem Matrixmaterial des Klingenkorpers disper- 
giert ist, dadurch gekennzeichnet, da3 

das Matrixmaterial (23) ein warmehartendes N4atertal ist. da3 das FQilmaterial (22) ein abriebfestes Material 
5 mit einer Mohs-Harte von 4 bis 7 ist und seine Teiichen ein Seitenverhaltnis von weniger als 10:1 besitzen 

und daB das FQilmaterial in dem Matrixmaterial im wesentiichen homogen dispergiert ist. 

Reinigungsklinge wie in Anspruch 1 angefuhrt, worin das Matrixmaterial aus Polyurethan, Caprolactonen, Poly- 
estem und Polyethem ausgewahtt ist. 

Reinigungsklinge wie in Anspruch 1 Oder Anspruch 2 angefuhrt, worin das anorganische teilchenfomnige FQilma- 
terial eine mtttlere TeilchengroBe von etwa 2,5 Mikrbmeter besitzt. 

Reinigungsklinge wie in einem der AnsprQche 1 bis 3 angefuhrt, worin der anorganische teilchenformige FOIlstoff 
aus mikrokristallinem Sitiztumoxid. Glas, feinen Glaskugeln. gemahlenem QIas, Wollastonit, Basalt, Topas, Ko- 
rund, Zeosphere, Actinolit. Akermanit, Allanit. Atnnandin. Aluminiumoxid, Amblygonit. Analcit, Anatas, Andalusit, 
Andesin, Andradit, Anorthft, Antophyllit. Arsenopyrit, Augit, Axinit, Baddoleyite. Benitoit, Bertrandit, Beryli; Beryl- 
lonit. Blxbyit, Boracit, Braunit, Bravolt, Brookit, Cancrinit, Cassiterit, Celsian. Chloritoid, Chondrodit, Chrysoberyll. 
Clinozoisrt, Columbit, Cordierit, Cummingtonit, Danburit, Datolit. Diaspor, Diopsid. Enstatit, Epkiot. Euclasit, Eu- 
dialit. Euxenit, Fayalit, Fergussonit. Forsterit. Franklinit, Gahnit, Gehlenit, Geikielit, Gtaukophan, Goethit, Grossu- 
larit, Hambergit, Hauyn, Hedenbergit, Helvit. Hamatit, Hereynit. Hornblende, Humit, Hydrogrossularit, llmenit, 
Jadett, Kaliophyllit. Kyanit, Lazulit. Leuoit, Magnetit, Manganosit, Markasit, Marialit, Mebnit, Metilit. Mikroklin. Me- 
solit, Mikrolit, Monticeltit, Natrolit, Nephelin, Nicolit. Noseon, Oligoklas, Olivin. Orthoklas, Orthopyroxen, Pectolit, 
PeriWas, Pekorskit, Petalit, Phenakit, Pienriontit. Pigeonit, Poliucit, Prehnit, Pseudobrookit, Psitomelan, Pumpel- 
lyite, Pyrit, Pyrochlor, Pyralusit. Pyrop, Rammelsbrit, Rhodonit. Rutil, Samarskit, Saphirin, Scapolit, Schaelit, Sil- 
limanit, Skutterudit. Sodalit. Sperrylit. Spessartit, Spodumen, Staurolit, Stibiotantalit, Tantalit, Tapblit, Thomsonit, 
Thorianit, Tunmaiin, Tremolit, TOrkis, Ulimannit. Uranimit, Uvarovit, Vesuvianit. WSagnerit, Willemit. Wbllastonit, Zir- 
kon, Zirkonlumoxid, Zbisit. Bariumcarbonat, Ton. Zinkit. Boehmit, Gibbsit, Anhydrit und Qips ausgewahtt ist. 

Reinigungsklinge wie in einem der AnsprQche 1 bis 3 angef Qhrt, wobei die anorganischen tetlchenfdrmigen Fullstolf 
aus Wollastonit. Glas Oder Basalt sind und im allgemeinen eine zylindrische Gestalt mit etwa 1 bis etwa 3 Mikro- 
meter mittlerem Durchmesser und etwa 3 bis etwa 10 Mikrometer Lange haben. 

Reinigungsklinge wie in einem der AnsprQche 1 bis 5 angefQhrt, wobei die anorganischen Teiichen mit eiheni 
Kupplungsmittel oberflachenbehandelt sind. um die Teiichen zur Wechselwirkung mit den MolekQIeh des Elasto- 
mermatrixmaterlals zu veranlassen. 

Reinigungsklinge wie in Anspruch 6 angefuhrt. wobei das Kupplungsmittel ein Silan. Titanat, Zirkonat Oder Aluminat 
einschlieQt. 

40 

Revendieotldna ^ ' «--^.--=-rr^ — . 

1. Lame de nettoyage en contact par frottement avec une surface et capable d'enlever les particules de celle-ct. 
^ comprenant: 

- un corps de lame fait d'un matdriau de matrice diastomdre (23); et 

- un matdriau de charge particulaire mineral (22) disperse dans le matdriau de matrice dudit corps de lame. 
caractdris6e en ce que : 

so - lematdriaudeniatrice(23)estunrnatdriauthenTiodurci, encequelenriatdriaudecharge(22)estunrTiatdria 
rteistant d I'usure ayant une duretd de 4 d 7 Mohs et dont les partbules ont un rapport de forme de moins de 
10:1, et en ce que le matdriau de charge est disperse pratiquement de manidre homogdne dans tout ledit 
matdriau de matrbe. 

ss 2. Lame de nettoyage selon la revendbation 1 . dans laquelle ledit matdriau de matrice est choisi parmi du polyur^- 
thane, des caprolactones, des polyesters et des polydthere. 

3. Lame de nettoyage selon la revendicatbn 1 ou la revendication 2. dans laquelle ledit matdriau de charge partbu- 
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laire mineral a une tailte moyenne de particules d'environ 2,5 micrometres. 

Lame de nettoyage selon Pune quelconque des revendications 1 & 3. dans laquelle ladite charge parttculaire mi- 
ndrale est cliotsie parmi ia silice microcristalline, le verre. tes fines spheres de verre, ie verre broyd, la wofiastonite. 
le basalte, le topaze, le cortndon. la z^osph^re, ractinolite, Takemnanite, rallanlte, Talmandine, Talumine, I'am- 
blygonite, I'analcite, Tanatase, I'andalouslte, Tanddsine, i'andradite, I'anorthite, I'anthophyllite, I'arsdniopyrite, I'au- 
gite, Taxinite. ia baddeleyite, la bdnitoTte. la bertrandite. le bdryl. la b6ryllonite. la bixbyite, la boracite. la braunite, 
la bravoTte, la brookite, la cancrinite, la cassltdrlte, le celslan, la chloritoide, la chondrodite, le chrysob^ryl, la 
clinozoTsite. lacolun:)bite, lacordi^rite. lacunrvningtonrte, ladanburite. ladatolite. lediaspore, lediopside, I'enstatite, 
I'dpidote, Teuclasite. reudiatite, Teuxdnite, ia fayalite, ia fergussonite. la forstdrite, la frankiinite. la gahnite, la ge- 
hl6nite, la gdikidllte, le glaucophane, la go^thite, la grossularite. Thamberglte, la hauyne, I'hedenbergite, I'helvite, 
rhdmatite. Thdreynite. la hornblende, la humite. i'hydrogrossuiarrte, t'ilmdnite, la jad^ite, la kaliophyllite, la kyanite, 
la lazulite, la teuoTle. la magnetite, la manganosite, la marcasite, la marialite, la m^ionite. la mdlilite, la mbrocline, 
la m^solite, la microlrte, la monticellite, la natrolite, la n^phdline, la ntcolite, la nos^ane, roligoclase, Tolivlne, i'or- 
thoclase, Torthopyroxdne. la pectolite, le pdriclase, la p6korskite, la p^talite. la ph^nakite, la pidmonttte. la pigeo- 
nite, la pollucite, la prdhnlte, la pseudobrookite, le psilomdlane, lapumpellylte, la pyrite, le pyrochlore. la pyralusite, 
le pyrope. la rammelsbergite. la rhodonite, le rutile, ia sanuirskite, la eaphlrine, la scapolite, ia schadlite, ia sillinia- 
nite, laskutterudite, laeodalite, lasperryllte. laspessartite, lespodumdne, lastaurolite, laetibtotantalite, latantalite. 
latapiollte, la thomsonite, la thorlantte, la tourmaline, latr^molite, la turquoise, i'ullmannite, Puranimite, I'uvarovite, 
la vteuvlanite, la wagn6rite, la willemite, la wollastonite, le zircon, la zircone. la zoTsite. le carbonate de baryum, 
Pargile, la zincite, la bodhmite. la gibbsite, I'anhydrite et le gypse. 

Lame de nettoyage sebn Tune quelconque des revendications 1^3, dans laquelle les charges particulaires mi- 
n^rales sont des charges de wollastonite, de verre ou de basalte, ayant une forme g^ndnatement cylindrique, 
d'environ 1 d environ 3 micrometres de diamdtre moyen et d'environ 3 e environ 10 meronndtres de longueur. 

i.ame de nettoyage selon Tune quelconque des revendications 1^5, dans laquelle on traite ia surface desdites 
partteules mindrales avec un agent de couplage pour provoquer I'interactksn des particules avec les moldcules du 
matdriau de matrice 6lastomere. 

Lame de nettoyage selon la revendicatton 6, dans laquelle ledit agent de couplage engtobe un silane, un titanate, 
un ziiconate ou un aluminate. 
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FIG. 1 
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FIG. 3 
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